Abstract. Fluctuations in the concentrations of stratospheric trace gases are often correlated over a large range of space and time scales, an observation frequently used to infer the existence of various chemical processes. Three-dimensional models provide a tool to examine the causes and variations of trace gas relationships, because they can reahstically simulate the interplay between stratospheric photochemistry and meteorology. Thus such models can aid the interpretation of observed trace gas relationships. We use the general circulation model of the Goddard Institute for Space Studies to simulate the evolution and distribution of NaO, COa, and 03 over a year. In the modeled lower stratosphere the constituents NaO and COa have well-correlated spatial variations, but the slope of the regression line depends on both the season and the direction of sampling. This departure from a universal form is due both to the annual cycle in tropospheric COa and to transport of air from the upper stratosphere photochemically depleted in NaO. Due to the short photochemical lifetime of tropical 03, its relationship with N•O is still more varied. In particular, the slope of the 03-N;•O regression hne changes significantly from middle to high latitudes, behavior relevant to the use of NaO for estimating the rate of polar winter 03 depletion. In general, a tight correlation between two trace gases such as NaO and 03 is often observed, but this datum cannot be used to infer a similar universal relationship because a different direction of sampling may change the slope and the scatter about it.
Introduction
Trace gases in the stratosphere are observed to vary rapidly in space and time. Only photochemical reactions can create or destroy a given species. Dynamical motions are responsible for the mixing of air parcels with different chemical histories. Thus observed variations in trace gases involve an interplay between chemical creation of gradients and dynamical relaxation of these structures. A major challenge to the interpretation of measurements and to their comparison with models is to separate and evaluate the roles of each process.
Observations of mixing ratios for the long-lived trace gases, such as CH4 and N20, show on average large-The chemical transport model (CTM), including the photochemical schemes, and the meteorology provided by the GISS GCM, is documented briefly in section 2. In section 3 we show that typical observed climatic features for N20 and O3 are reproduced. In particular, the model does a good job of simulating the O3 gradient across the tropopause. In section 4, after presenting plots of simulated CO2 versus N20 we analyze a set of hypothetical tracers that explain key features of the N20-CO2 relationship. We then examine the spatial dependence of the modeled N20-O3 relationship in section 5, which, if realistic, may alter some estimates of Arctic O3 loss. In each section discussing tracer correlations, we begin to compare the modeled tracer relationships with observations, using a few selected, published examples. Possible directions for model development and analysis of recent observations are discussed in the concluding section 6.
The Chemical Transport Model
The CTM uses winds computed by the stratospheric GISS GCM [Rind et al., 1990] to advect chemical con- horizontal diffusion occurs in the troposphere, but not the stratosphere.
We apply boundary conditions for trace gas mixing ratios in the lowest three layers (up to i km altitude), as either fixed or time varying. For species with active chemistry the CTM computes production minus loss above 200 mbar using tables of zonal-mean, monthly parameters. These parameters are calculated from a detailed photochemical model [Logan et al., 1978 ; Remsberg and Prather, 1993] using observed climatic values for temperature, ozone, and other trace gases [Prather et al., 1990b ].
The advecting algorithm conserves first-and secondorder moments of the trace gas distribution in three dimensions within a grid box [Prather, 1986] . This fall [Prather and Rodriguez, 1988] , dilution of the ozone hole [Prather et al., 1990a] , the space shuttle [Prather et al., 1990b] , and CO2 [Hall and Prather, 1993] . In this modeling study, the three trace gases N20, CO•, and O3 have no interactions. We are thus free to simulate each separately, and consider interrelationships afterwards. Details of the CO•, N•O, and O3 simulations are described below.
Carbon Dioxide
Emission and uptake of atmospheric CO2 are not in balance today. Atmospheric concentrations have been increasing throughout the industrial era at a rate of about 1.5 ppm/yr in the 1980s [Keeling et al., 1989 ], but much more slowly (0.5 ppm/yr) during the apparently anomalous years 1991-1993 [Conway et al., 1994 ].
On top of this trend, there are large seasonal variations driven by the annual cycle of biospheric uptake and release of carbon. This cycle, having typical peakto-peak amplitude at the surface as large as 14 ppm, is neither sinusoidal nor symmetric between hemispheres, but repeats regularly with some interannual variability [Keeling et al., 1989] . We model CO2 without chemistry in the stratosphere, and therefore neglect the small source (up to 1.5 ppm) due to CH4 oxidation. The CO• simulation employed here is identical to that of Hall and Prather [1993] . Briefly, a time-dependent surface boundary condition on the mixing ratio has two components: (1) a steady 1.5 ppm/yr increase, and (2) a latitude-dependent, but zonally averaged, annual cycle based on obvservations. In this case the model itself, through advection by winds and monthly mean patterns of cumulus convection, determines the amplitude and phase of the CO• cycle in the troposphere. Although clearly not adequate for accurate modeling of CO• throughout the troposphere (see, e.g., Fung et al. [1987] ), the scheme used here is sufficient for our goal of simulating the the CO2 distribution in the upper troposphere and stratosphere. The influence of the steady trend reach 40 km in about 3.5 years. The annual cycle propagates into the stratosphere with a phase delay extending outward from the tropical tropopause. In the lower stratosphere this cycle has an amplitude of about 2.0 ppm peak-to-peak in the tropics attenuating to 1.0 ppm at high latitudes, with the two hemispheres in phase.
Nitrous Oxide
A major source of N20 involves microbial activity in the soils and oceans but is clearly influenced by human activity [Houghton et al., 1992] This is the first presentation of N20 modeling for the CTM. In Figure I 
Tracer Correlations-CO2-N20
In this section we analyze the simulated CO2-N20 relationships which are summarized graphically by plotting one trace gas concentration against the other. These In addition to increasing scatter with altitude, the curves fitted through the Oa-N20 correlations for different altitudes are not continuous but form a "banded" structure similar to, but more pronounced than, that of N20-CO2 t. Note that these bands are a consequence of the particular sampling scheme (i.e., quasi-horizontal at distinct altitudes), and other sampling strategies as described by (7) and (8) 
